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SUMMARY DESCRIPTION OF TEKTITE PROJECT 

The T e k t i t e  P r o j e c t  i s  a n  unde r sea  research s t a t i o n  
p l anned  as a j o i n t  program i n v o l v i n g  t h e  Department of  t h e  
I n t e r i o r ,  t h e  Navy, NASA, and t h e  Genera l  E l e c t r i c  Company. 
The p r i n c i p a l  f e a t u r e s  o f  t h i s  s t a t i o n  are p r e s e n t e d  i n  sum- 
mary form below. 

L o c a t i o n :  Lameshur B a y ,  S t .  J o h n ' s ,  V i r g i n  I s l a n d s .  

Miss ion  Concept :  F ixed  unde r sea  hab i t a t  w i t h  l i n e s  t o  
s h o r e  for power, e t c .  
" S a t u r a t e d "  r e s e a r c h  s t a t i o n  w i t h  ex- 
t e n s i v e  EVA d i v i n g  f o r  marine b io logy  
and o t h e r  r e s e a r c h .  

Atmosphere : 

Habi ta t :  

Hyperbar ic  ( 2  1 / 2  a tmospheres  a b s o l u t e )  
0 2 - N 2  m i x t u r e .  

Double s t e e l  c y l i n d e r s ,  18' h i g h ,  1 2  1/2' 
d i a .  2 l e v e l s  i n  e a c h ,  connec ted  b y  
c r o s s o v e r  t u n n e l ,  mounted on a s t r u c t u r a l  
s t e e l  base.  ( F u r t h e r  d e t a i l s  of t h e  
h a b i t a t  l a y o u t  and a c t i v i t i e s  i n  each  
a r e a  a r e  a v a i l a b l e  i n  t h e  Appendix t o  
t h i s  document. ) 

O p e r a t i n g  Depth: 50 f e e t .  

D u r a t i o n :  8 weeks.  

P lanned  S t a r t i n g  
Date : Second h a l f  1968  o r  ea r ly  1969. 

C r e w  S i z e  : 4 .  

C r e w  Composi t ion:  S c i e n t i s t - d i v e r s  from Dept .  o f  I n t e r i o r .  

IMPORTANCE OF TEKTITE PROJECT 

I .  C o n t r i b u t i o n  t o  N a t i o n a l  Goal o f  Man's E x t e n s i o n  i n t o  t h e  Sea  

The T e k t i t e  P r o j e c t  w i l l  b e  a d e m o n s t r a t i o n  t h a t  
s h a l l o w  water s a t u r a t i o n  d i v i n g  can  be c a r r i e d  o u t  on a long- 
t e r m  bas i s  w i t h  a n  oxygen-ni t rogen b r e a t h i n g  m i x t u r e .  If 
s u c c e s s f u l ,  t h i s  w i l l  b e  a major s t e p  i n  opening l a r g e  areas 
o f  t h e  sea floor f o r  r e s e a r c h ,  e x p l o i t a t i o n ,  and h a b i t a t i o n .  
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A l l  p r e v i o u s  ex tended  s a t u r a t i o n  h a b i t a t s  have u t i l i z e d  a 
he l ium-con ta in ing  b r e a t h i n g  m i x t u r e .  
mosphere has t h e  advan tages  o f :  

An oxygen-n i t rogen  a t -  

a )  b e i n g  much l e s s  expens ive  t o  s u p p o r t  t h a n  a 
he l ium-con ta in ing  atmosphere,  and 

b )  hav ing  none of  t h e  v o i c e  communication o r  hea t  
t r a n s f e r  problems t h a t  a he l ium-con ta in ing  
mix tu re  c a u s e s .  

However, a h y p e r b a r i c  oxygen-ni t rogen atmosphere 
p o s e s  t h e  d u a l  p h y s i o l o g i c a l  problems,  which i n c r e a s e  w i t h  
i n c r e a s i n g  d e p t h ,  o f :  

a )  n i t r o g e n  n a r c o s i s ,  and 

b )  i n c r e a s e d  pulmonary airway r e s i s t a n c e  due t o  t h e  
d e n s i t y  of  t h e  b r e a t h i n g  m i x t u r e .  

A l l  e x p e r i m e n t a l  ev idence  i n d i c a t e s  t ha t  t h e  T e k t i t e  2 1 / 2  
a tmosphere  p r e s s u r e  l e v e l  i s  w e l l  below t h e  t h r e s h o l d  p r e s s u r e  
r e g i o n  a t  which t h e s e  e f f e c t s  become s e r i o u s .  However, T e k t i t e  
w i l l  s e r v e  as o p e r a t i o n a l  v a l i d a t i o n  o f  t h e  v i a b i l i t y  of t h i s  
a tmosphere-depth combina t ion  o n  a long-term bas is .  F u r t h e r -  
more,  t h e  p r o j e c t  w i l l  p rov ide  needed e x p e r i e n c e  w i t h  t h e  
c o m p l e x i t i e s  o f  s u p p o r t i n g  a sha l low-water  s a t u r a t i o n  h a b i t a t .  

11. S i g n i f i c a n t  Marine Research 

o g r a p h i c  

1. 

The pr imary mis s ion  o f  t h e  T e k t i t e  s t a t i o n  w i l l  b e  

data .  Areas i n  wh ich  d a t a  w i l l  b e  g a t h e r e d  i n c l u d e :  
t h e  c o l l e c t i o n  of mar ine  b i o l o g i c a l ,  g e o l o g i c a l ,  and ocean- 

Underwater behav io r  s t u d i e s  i n  f e e d i n g  and 
s c h o o l i n g  of l o c a l  f a u n a  (Bureau of  S p o r t s  
F i s h e r i e s ) .  

2 .  

3.  

4. 

5.  

6. 

I n v e s t i g a t i o n s  o f  s p i n y  l o b s t e r s  and mar ine  
f l o r a  (Bureau o f  Commercial F i s h e r i e s ) .  

S t u d i e s  of aqua c u l t u r e  and t h e  e f f e c t s  o f  
p o l l u t i o n  (Bureau o f  Commercial F i s h e r i e s ) .  

Enrichment s t u d i e s  of n a t u r a l  c o r a l  r ee f s  and 
t h e  e f f e c t i v e n e s s  o f  a r t i f i c i a l  r e e f s .  

C l a s s i c a l  g e o l o g i c a l  su rvey  .of h a b i t a t  area.  

Environmental  s e n s i n g  by means of  thermographs ,  
c u r r e n t  meters,  d i s s o l v e d  oxygen r e c o r d e r s ,  
e t c .  
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I n  a d d i t i o n ,  t h e  p r o j e c t  w i l l  p r o v i d e  i n f o r m a t i o n  
on t h e  more g l o b a l  q u e s t i o n s  o f :  

1. Does a f i x e d ,  long-term hab i t a t  p r o v i d e  enough 
of a data  payoff  t o  j u s t i f y  t he  e s t a b l i s h m e n t  of 
s imi l a r  r e s e a r c h  s t a t i o n s  (as  opposed t o  mobi le  
unde r sea  l a b o r a t o r i e s )  i n  t h e  f u t u r e ?  

2 .  What a re  t h e  b e s t  ways t o  o r g a n i z e  and s u p p o r t  
such  human s c i e n t i f i c  a c t i v i t y  i n  a n  e x o t i c ,  
cons t r a i n e d  environment? 

111. I n t e n s i v e  Behav io ra l  Study of  a N a t u r a l  Opera t ion  i n  
a n  E x o t i c  Environment 

The p r i n c i p a l  f e a t u r e s  of t h e  T e k t i t e  environment  
f o r  b e h a v i o r a l  r e s e a r c h  purposes  a re  t h a t :  

a )  i t  i n v o l v e s  i s o l a t i o n ,  dange r ,  and confinement  
f o r  a r e l a t i v e l y  long p e r i o d  of  t i m e ;  and 

b )  i t  promises  t h e  rewards a s s o c i a t e d  w i t h  p r o d u c t i v e  
work o f  i n t r i n s i c  va lue  to t h e  crew members. 

The b e h a v i o r  of  small groups  of men i n  such  a n  
envi ronment  i s  of g r e a t  i n t e r e s t  to bo th  NASA and t h e  Depart-  
ment of  Defense .  A good d e a l  o f  i n f o r m a t i o n  has been o b t a i n e d  
by  NASA and DOD on  crews o p e r a t i n g  i n  ground-based s i m u l a t i o n  
envi ronments  pe r fo rming  a r t i f i c i a l  t a s k s  i n  a r t i f i c i a l  e n v i r -  
onments .  However, d i r e c t  knowledge of  t h e  behav io r  o f  small  
groups  o p e r a t i n g  i n  " n a t u r a l "  i s o l a t i o n  and confinement  w i t h  
r e a l  s t r e s ses  and r e a l  rewards i s  a lmos t  comple te ly  l a c k i n g .  
The i n f o r m a t i o n  t h a t  does e x i s t  i s  based upon s t u d i e s  which 
are  b y  t h e i r  very  n a t u r e  g r o s s l y  d i f f e r e n t  from t h e  p r e s e n t  
s t u d y  i n  many i m p o r t a n t  r e s p e c t s .  

Cons ide r ,  f o r  example, s t u d i e s  o f  A n t a r c t i c  w i n t e r -  
i n g  o v e r  p a r t i e s .  A number of e x c e l l e n t  s t u d i e s  have been 
conducted  on such  groups  and much v a l u a b l e  i n f o r m a t i o n  i s  
a v a i l a b l e .  However, a i l  t h e s e  s t u d i e s  s u f f e r  f m m  t h e  i n -  
a b i l i t y  of t h e  i n v e s t i g a t o r s  t o  conduct  on-the-spot  i n v e s t i -  
g a t i o n s .  Data from submarine crews i s  s i m i l a r l y  l a r g e l y  
dependent  on l o n g  r ange  t echn iques  o f  s t u d y .  S t u d i e s  of 
o t h e r  n a t u r a l  g roups ,  s u c h  as t h e  M t .  E v e r e s t  c l imb ing  team, 
have  been  conducted by p a r t i c i p a n t  o b s e r v e r s .  The problem 
i n  s u c h  r e s e a r c h  i s  t h e  p o s s i b l e  con tamina t ing  e f f e c t s  of ob- 
s e r v e r  b i a s .  The most s i m i l a r  s t u d i e s  t o  t h e  one b e i n g  con- 
t e m p l a t e d  on t h i s  crew are t h e  r e s e a r c h  on SEALAB I1 aquanau t s  
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and t h e  p r o j e c t e d  s t u d i e s  o f  SEALAB I11 crews.  The informa- 
t i o n  and t e c h n i q u e s  from the  p r e s e n t  s t u d y  w i l l  b e n e f i t  
g r e a t l y  from c o n c e p t u a l  and me thodo log ica l  developments i n  
t h e  SEALAB I1 r e s e a r c h .  The p r e s e n t l y  proposed r e s e a r c h  
s h o u l d  i n  t u r n  c o n t r i b u t e  a grea t  dea l  toward improving f u t u r e  
r e s e a r c h  o f  a s imilar  n a t u r e .  

I n f o r m a t i o n  from t h i s  s t u d y  can b e  expec ted  t o  have 
a b e a r i n g  on q u e s t i o n s  of crew s e l e c t i o n ,  t r a i n i n g ,  group 
compos i t ion ,  group o r g a n i z a t i o n ,  and group maintenance func-  
t i o n s .  I n  a d d i t i o n ,  improved methodology of  measuring be- 
h a v i o r  i n  n a t u r a l  environments can  b e  expec ted .  F i n a l l y ,  i t  
i s  n o t  t o o  much t o  expec t  t h a t  i n f o r m a t i o n  on t h i s  g roup ,  
and t h e  p o t e n t i a l  c o n c e p t u a l  and me thodo log ica l  i m p l i c a t i o n s ,  
w i l l  g r e a t l y  a s s i s t  i n  unde r s t and ing  normal working groups as 
w e l l  as t h o s e  i n  e x o t i c  envi ronments .  

T h r e e  c h a r a c t e r i s t i c s  o f  t h i s  p r o j e c t  make i t  very  
a t t r a c t i v e  f o r  n a t u r a l i s t i c  r e s e a r c h :  

A .  The Dura t ion  o f  Exposure t o  t h e  Environment 

I t  i s  p robab ly  s a f e  t o  say  t h a t  no group has been 
s t u d i e d  as i n t e n s i v e l y  as t h i s  group can be s t u d i e d  for such  
a l o n g  p e r i o d  o f  t i m e  i n  a n  environment such as t h e  one a v a i l -  
ab l e  i n  T e k t i t e .  By t h e  environment  i s  meant t h e  combina t ion  
of  t h e  c o n c e p t u a l  c h a r a c t e r i s t i c s  of t h e  s t r e s s e s  i n v o l v e d  
and t h e  i n t r i n s i c  rewards of  t h e  work. The haza rds  and s t r e s -  
sors i n c l u d e :  

P h y s i c a l  h a z a r d s  of T e k t i t e  : 

Toxic f l o r a  

P r e d a t o r y  f a u n a  

Toxic f auna  

A r t i f i c i a l  r e s p i r a t o r y  
a tmospheres  

S i t u a t i o n a l  s t resses  o f  T e k t i t e :  

I s o l a t i o n  

Confinement 

S a t u r a t i o n  d i v i n g  con- 
s t r a i n t s  ( sudden ,  a c c i -  
d e n t a l  s u r f a c i n g  produces  
i n j u r y  and p o s s i b l y  d e a t h )  

Closed e c o l o g i c a l  s y s t e m  

Heavy r e l i a n c e  on mechan- 
i c a l  equipment f o r  s u r v i v a l  

Forced s o c i a l  i n t e r a c t i o n  

Ex tens ive  p e r s o n a l  t ime 
and ego commitment, c l o s e  
s c r u t i n y  of  per formance  
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Monotony Lack of p r i v a c y  

Ce l ibacy  High i n t r a - g r o u p  r e s p o n s i b i l i t y  

R e s t r i c t e d  r e l a x a t i o n  Re l i ance  on s u r f a c e  s u p p o r t  
o u t l e t s  f o r  s u r v i v a l  f u n c t i o n s  

B .  The A c c e s s i b i l i t y  t o  t h e  Capsule 

v i d e o  and a u d i o  a c c e s s  t o  t h e  e n t i r e  c a p s u l e  ( w i t h  t h e  excep- 
t i o n  o f  a g r e e d  upon " p r i v a c y "  areas)  can b e  a f f o r d e d  b y  c l o s e d  
c i r c u i t  t e l e v i s i o n  and microphones.  Because of  t h e  r e l a t i v e l y  
normal  r e s p i r a b l e  a tmosphere ,  and t h e  p o s s i b i l i t y  of c o n t r o l l i n g  
ambient  n o i s e ,  i t  shou ld  b e  p o s s i b l e  t o  moni tor  c o n v e r s a t i o n s  
i n  t h e  c a p s u l e  q u i t e  w e l l .  

I t  i s  v i r t u a l l y  c e r t a i n  t h a t  c l e a r  and con t inuous  

C .  The Favorab le  A t t i t u d e  of t h e  C r e w  and t h e  p r o j e c t  sponsor s  
toward t h e i r  b e i n g  i n v e s t i g a t e d  i n  t h e  manner proposed h e r e .  

MEASUREMENT REQUIREMENTS A N D  METHODS 

The b e h a v i o r a l  measurement program w i l l  be d i r e c t e d  
a t  d e t e r m i n i n g :  

1. t h e  d i r e c t i o n  and e x t e n t  of b e h a v i o r a l  dev ia -  
t i o n s  from e s t a b l i s h e d  pre-miss ion  b a s e l i n e s  ; 

2 .  t h e  a b s o l u t e  va lues  o f  behav io r /pe r f  ormance 
f u n c t i o n ,  where a p p r o p r i a t e ;  

3 .  t h e  c a u s a l  r e l a t i o n s h i p s  between m a n i f e s t  behav io r  
and such f a c t o r s  as  p e r s o n a l i t y  s t r u c t u r e s ,  demo- 
g r a p h i c  da t a ,  e l a p s e d  t i m e ,  env i ronmen ta l  s t r e s s o r s ,  
normal o p e r a t i o n a l  p r o c e d u r e s ,  and pe rhaps  t h e  
occur rence  of u n a n t i c i p a t e d  phenomena; 

4 .  t h e  u s e f u l n e s s  o f  the v a r i o u s  methods of  
measuring human b e h a v i o r  arid performance 
which w i l l  be  c a r r i e d  o u t .  

Because t h e  number o f  men i n  t h e  pr imary  sample i s  
s o  v e r y  small  ( f o u r ) ,  s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n s  
between performance d u r i n g  t h e  m i s s i o n  and demographic and 
p e r s o n a l i t y  v a r i a b l e s  w i l l  not be p o s s i b l e ,  However, i t  i s  
i m p o r t a n t  t h a t  t h e s e  demographic and p e r s o n a l i t y  v a r i a b l e s  
b e  measured,  s o  t h a t  t h e  T e k t i t e  data  can be combined w i t h  
data  from o t h e r  o p e r a t i o n s ,  p a s t  and f u t u r e ,  t o  d e r i v e  v a l i d  
c o r r e l a t i o n s  o f  t h i s  t y p e .  
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C o r r e l a t i o n s  which can b e  s i g n i f i c a n t  w i t h i n  t h i s  
s t u d y  are t h o s e  between d i f f e r e n t  a s p e c t s  of behav io r  and 
between b e h a v i o r  and a s p e c t s  of t h e  environment  which occur  
e i t h e r  s i m u l t a n e o u s l y  o r  a t  e a r l i e r  p o i n t s  i n  t i m e .  For  ex- 
ample,  i t  can  be  e x p e c t e d  t h a t  v a r i a t i o n s  i n  such  a p e r f o r -  
mance measure as d i v i n g  t i m e  w i l l  b e  c o r r e l a t e d  w i t h  va r -  
i a t i o n s  i n  measures  of  s o c i a l  i n t e r a c t i o n  and emot iona l  
a d j u s t m e n t .  A s i m p l e ,  i l l u s t r a t i v e  h y p o t h e s i s  might b e  t h a t  
t h e  " b e t t e r "  a man's s o c i a l  r e l a t i o n s  w i t h  h i s  f e l l o w  d i v e r s ,  
t h e  g r e a t e r  w i l l  b e  h i s  amount of d i v i n g  t ime or t h e  more 
s t a b l e  i t  w i l l  b e  a c r o s s  t h e  e n t i r e  m i s s i o n .  It shou ld  be  
a p p a r e n t  t h a t  t h e  a c t u a l  r e l a t i o n s h i p s  w i l l  b e  complex and 
t h a t  any c o n c l u s i o n s  w i l l  be t e n t a t i v e .  It  w i l l  b e  p o s s i b l e ,  
however,  t o  deve lop  s p e c i f i c  hypo theses  which may be v e r i f i e d  
and ex tended  i n  o t h e r  s imi la r  s i t u a t i o n s .  A major  g o a l  o f  
t h i s  program i s  t o  p r o v i d e  r e s u l t s  and t o  deve lop  and s t r e n g t h e n  
t h e o r e t i c a l  concep t s  which can be used  i n  o r g a n i z i n g  a v a r i e t y  
of data from f i e l d ,  l a b o r a t o r y  and s i m u l a t i o n  s t u d i e s .  

I n  keep ing  w i t h  t h i s  g o a l ,  t h e  program w i l l  a l s o  
have s i g n i f i c a n t  methodologica l  i m p l i c a t i o n s .  F i r s t ,  i t  w i l l  
b e  p o s s i b l e  to deve lop ,  t e s t  and s t a n d a r d i z e  methods o f  
a c q u i r i n g  n e c e s s a r y  data  f o r  use i n  s t u d y i n g  s imi l a r  s i t u a -  
t i o n s .  Second,  a n  a t t e m p t  w i l l  b e  made t o  de t e rmine  t h e  
minimal q u a n t i t y  and t y p e s  of data  which a r e  necessa ry  to g e t  
r e l i a b l e  and v a l i d  measures o f  g i v e n  c o n c e p t u a l  v a r i a b l e s .  
S i n c e  s e v e r a l  e s t i m a t e s  of each c o n c e p t u a l  v a r i a b l e  w i l l  be 
a v a i l a b l e ,  i t  i s  p o s s i b l e  to de te rmine  i f  measures not r e q u i r -  
i n g  such  c l o s e  and cont inuous  a c c e s s  to t h e  environment  as 
t h a t  a v a i l a b l e  i n  t h i s  s i t u a t i o n  w i l l  produce r e l i a b l e  and 
v a l i d  r e s u l t s .  

SUBJECTS 

The pr ime s u b j e c t s  of  b e h a v i o r a l  i n v e s t i g a t i o n  w i l l  
of c o u r s e  b e  t h e  f o u r  s c i e n t i s t - d i v e r s  who comprise  t h e  crew 
of t h e  T e k t i t e  h a b i t a t .  They a re :  2 marine b i o l o g i s t s  from 
t h e  Bureau o f  Commercial F i s h e r i e s ;  1 mar ine  b i o l o g i s t  from 
t h e  Bureau o f  S p o r t s  F i s h e r i e s ;  and 1 mar ine  g e o l o g i s t .  How- 
e v e r ,  l i m i t e d  da t a  w i l l  a l s o  b e  c o l l e c t e d  on:  2 marine b i o l -  
o g i s t s  who s e r v e  as back-up c r e w  and on-shol-e s c i e n t i f i c  
m o n i t o r s ;  1 2  b e h a v i o r a l  mon i to r s ;  and s e l e c t e d  members of t h e  
on-shore o p e r a t i o n a l  crew. 

The r a t i o n a l e  f o r  c o l l e c t i n g  b e h a v i o r a l  data o n  
t h e s e  t o p s i d e  p e r s o n n e l  i s :  

1. S i n c e  t h e s e  i n d i v i d u a l s  w i l l  resemble t h e  h a b i t a t  
crew i n  background, p e r s o n a l i t y ,  and p r o f e s s i o n a l  



i n t e r e s t s ,  and s i n c e  the  sequence of  e v e n t s  
t h a t  t hey  e x p e r i e n c e  w i l l  be similar i n  many ways  
t o  t h a t  e x p e r i e n c e d  by t h e  h a b i t a t  crew, t h e y  w i l l  
s e r v e  as u s e f u l  and i l l u m i n a t i n g  c o n t r o l s  on a 
number of t h e  o b j e c t i v e  measures .  

2 .  The b e h a v i o r  of  t o p s i d e  p e r s o n n e l  i s  s i g n i f i c a n t  
i n  i t s e l f .  For example, t h e  t asks  c o n f r o n t i n g  
them c o n t a i n  e lements  and r e s p o n s i b i l i t i e s  of 
the  j o b s  which w i l l  have t o  be performed by f l i g h t  
c o n t r o l l e r s  on l o n g  d u r a t i o n  space  m i s s i o n s .  
Indeed ,  t h e  s t resses  accompanying these  r e spon-  
s i b i l i t i e s  may we l l  b e  more i n t e n s e  i n  some i n -  
s t a n c e s  t h a t  t h o s e  s t resses  c o n f r o n t i n g  t h e  
h a b i t a t  crew. 

SELECTION 

Due t o  t h e  h i g h l y  s p e c i a l i z e d  n a t u r e  of t h e  pr imary  
s c i e n t i f i c  g o a l s  of t h i s  program, t h e  h a b i t a t  crew f o r  T e k t i t e  
has a l r e a d y  been  s e l e c t e d ,  s u b j e c t  t o  rev iew by t h e  invo lved  
a g e n c i e s ,  from t h e  s c i e n t i f i c  s t a f f  of t h e  Department of 
I n t e r i o r .  Hence, t h e  a p p l i c a t i o n  of o r d i n a r y  p r o c e d u r e s  f o r  
crew s e l e c t i o n  w i l l  be  somewhat ex p o s t  f a c t o .  However, 
t h e s e  i n d i v i d u a l s ,  who a r e  h i g h l y t r a i n e d  mar ine  s c i e n t i s t s  
and q u a l i f i e d  d i v e r s ,  w i l l  go through a b a t t e r y  of  med ica l  
and p s y c h o l o g i c a l  t e s t s  ( see  Table 11: Summary of Pre-Mission 
Measures ) .  Any s i g n i f i c a n t  n e g a t i v e  r e s u l t s  on t h i s  b a t t e r y ,  
or d u r i n g  t h e  t r a i n i n g  p r o c e d u r e s ,  w i l l  l e a d  t o  r e v i s i o n  of 
t h e  crew. D e s c r i p t i v e  data  should  be  o b t a i n e d  on o p e r a t i o n a l  
p e r s o n n e l  who i n t e r f a c e  e x t e n s i v e l y  w i t h  t h e  crew d u r i n g  t h e  
T e k t i t e  m i s s i o n  f o r  p o s s i b l e  c o r r e l a t i o n  w i t h  performance 
data  and f o r  comparison w i t h  f u t u r e  o p e r a t i o n s  of a s i m i l a r  
n a t u r e .  

T R A I N I N G  

During t h e  t r a i n i n g  p r o c e s s  o u t l i n e d  below,  normative 
da ta  on v a r i o u s  o p e r a t i o n a l  t a s k s  ( e  . g . ,  maintenance  and r e p a i r  
o f  t h e  env i ronmen ta l  c o n t r o l  s y s t e m )  w i l l  b e  o b t a i n e d  f o r  
compar ison  w i t h  p a r a l l e l  measures d u r i n g  t h e  m i s s i o n s .  F o r  
f u r t h e r  d e t a i l s  on such  comparisons,  see T a b l e  I V :  Performance 
Assessment from Rout ine  Tasks.  

I .  D i v i n g  

The d i v e  i s  a t  t h e  s a t u r a t i o n  dep th  of 50 f e e t .  The 
men have been  s e l e c t e d  i n  p a r t  because  t h e y  a re  expe r i enced  
d i v e r s .  T h e r e f o r e ,  t h e r e  i s  no need for a d d i t i o n a l  t r a i n i n g  
w i t h  d i v i n g  equipment o r  p r o c e d u r e s .  
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11. 

A .  

1. 

2. 

3 .  

B. 

1. 

2. 

Hab i t a t  F a m i  li ar  i z a t i on 

Dry Land T r a i n i n g  

G e n e r a l  E l e c t r i c  F a c i l i t i e s  

a .  

b .  

C .  

d .  

e .  

f .  

Subsystem and System F a m i l i a r i z a t i o n  and Opera t ions  

Maintenance and Repai r  Procedures  

O p e r a t i o n a l  I n g r e s s  and Egres s  Procedures  

Emergency I n g r e s s  and Egres s  Procedures  

Medical  Moni tor ing  P rocedures  - Atmosphere - EKG - EEG 

I n t e g r a t e d  S t a t i o n  O p e r a t i o n s  

Othe r  D r y  Loca t ion  

a .  Experiment Equipment and Procedures  F a m i l i a r i z a t i o n  

On S i t e  

a.  Shore  S t a t i o n  Opera t ion  - B r i e f i n g  
1. L i f e  Suppor t  
2 .  E l e c t r i c a l  Power 
3 .  Communications 
4 .  DDC,  Emergency O p e r a t i o n ,  e t c .  

Wet T r a i n i n g  

On S i t e  - P r e - I n s t a l l a t i o n  

Area F a m i l i a r i z a t i o n  and E x p l a n a t i o n  

On S i t e  - P a r t  I n s t a l l a t i o n  

a .  Subsystem and System C/O 

b .  Maintenance and Repai r  Procedures  

c .  S t a t i o n  Opera t ions  

d .  O p e r a t i o n a l  I n g r e s s  and Egres s  Opera t ions  

e .  Emergency I n g r e s s  and Egres s  Opera t ion  



f .  Experiment Opera t ions  

g .  Medica l  Moni tor ing  Opera t ion  

h .  Mis s ion  Aborts  

111. P h y s i o l o g i c a l  - Biomedical Procedures  

During t h e  h a b i t a t  f a m i l i a r i z a t i o n  t r a i n i n g  of t h e  
aquanau t s  t i m e  w i l l  be  a l l o c a t e d  s u f f i c i e n t  t o  b r i n g  each  aqua- 
n a u t  t o  p r o f i c i e n c y  i n  t h e  t echn iques  of o b t a i n i n g  b lood  
samples ,  u r i n e  samples ,  EEG, and pulmonary da ta ,  e t c .  

I V .  Decompression Tests 

To i n s u r e  t h e  s a f e t y  of  t h e  oxygen-ni t rogen b r e a t h i n g  
m i x t u r e ,  decompression from a h y p e r b a r i c  N2-02 m i x t u r e ,  50 f t .  
s a t u r a t i o n  l e v e l  w i l l  b e  conducted i n  a p r e s s u r e  chamber i n  
New London. T h i s  p rocedure  w i l l  r e s u l t  i n  t h e  e s t a b l i s h m e n t  
o f  safe  decompress ion  s c h e d u l e s .  During t h i s  10-day t e s t ,  
o t h e r  s a f e t y  t e s t s  w i l l  b e  conducted,  and some b a s e l i n e  be-  
h a v i o r a l  d a t a  may be  o b t a i n e d ,  s i n c e  t h e  r e g u l a r  and back-up 
crew w i l l  p a r t i c i p a t e .  

- CONCEPTUAL CATEGORIES F O R  BEHAVIORAL MEASURES 

I .  Task Performance - I n d i v i d u a l  and Group 

A .  Rout ine  O p e r a t i o n a l  T a s k s  ( s e e  Table  I V ) .  

B .  Div ing  and S c i e n t i f i c  A c t i v i t i e s  ( see  Table  V ) .  

Under t h i s  ca t egory  are  i n c l u d e d  measurements d i r e c t e d  
a t  a s s e s s i n g  t h e  a b i l i t y  o f  t h e  crewmen, s i n g l y  and i n  c o n c e r t ,  
t o  c a r r y  o u t  motor ,  s e n s o r y ,  and i n t e l l e c t u a l  tasks  r e q u i r e d  
of them i n  t h e  m i s s i o n  p l a n .  

11. S o c i a l  I n t e r a c t i o n  ( s e e  Table  

I n c l u d e d  i n  t h i s  ca t egory  a r e  measures aimed a t  
i d e n t i f y i n g ,  d e s c r i b i n g ,  and q u a n t i f y i n g  t h o s e  i n t e r a c t i o n s  
between i n d i v i d u a l  crew members, and between t h e  crew and 
t o p s i d e  p e r s o n n e l ,  which t end  t o  s u p p o r t  or degrade  t h e  suc-  
c e s s f u l  accomplishment o f  mis s ion  o b j e c t i v e s ,  crew mora le ,  
and crew and s y s t e m  s u r v i v a l .  

111. P e r s o n a l  Adjustment ( s e e  T a b l e  V I I )  

I n  t h i s  c a t e g o r y  a r e  measures  of  t h e  i n d i v i d u a l  crew 
member ' s  emot iona l  and m o t i v a t i o n a l  s t a t u s ,  t r e n d s  and c y c l e s  
i n  t h a t  s t a t u s ,  p a r t i c u l a r l y  as such  f a c t o r s  r e l a t e  t o  accom- 
p l i s h m e n t  of program o b j e c t i v e s .  
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I V .  H a b i t a b i l i t y  ( s e e  T a b l e  X )  

Measures i n  t h i s  a r e a  a re  aimed a t  d e t e r m i n i n g  t h e  
impact  of p h y s i c a l  and f u n c t i o n a l  c h a r a c t e r i s t i c s  of t h e  i n -  
t e r n a l  and e x t e r n a l  h a b i t a t  on: ( a )  per formance  e f f e c t i v e -  
n e s s ;  ( b )  p h y s i c a l  and emot iona l  wel l -be ing;  and ( c )  s o c i a l  
i n t e r a c t i o n .  

V .  Human Eng inee r ing  of  Diving Appara tus /Sc ience  Suppor t  

Measures i n  t h i s  ca t egory  a re  s imilar  t o  t h o s e  i n  t h e  
H a b i t a b i l i t y  area,  b u t  a r e  d i r e c t e d  a t  e v a l u a t i n g  t h e  s u i t a -  
b i l i t y  o f  p a r t i c u l a r  i tems of underwater  equipment and a t  
d e t e r m i n i n g  g u i d e l i n e s  f o r  op t imiz ing  human s c i e n t i f i c  a c t i v -  
i t y  i n  a n  i s o l a t e d  and h o s t i l e  environment w i t h  l i m i t e d  t ech -  
n i c a l  r e s o u r c e s .  

OPERATIONAL CATEGORIES F O R  BEHAVIORAL MEASURES 

1. 

2 .  

3 .  

4. 

5 .  

D i r e c t  o b s e r v a t i o n  b y  aud io  and TV m o n i t o r i n g  
s y s t e m ,  and by v i s u a l  examinat ion  from s u r f a c e  
d u r i n g  d i v e s .  

I n s t r u m e n t e d  measures of  s p e c i f i c  b e h a v i o r s .  

"Paper-and-penci l"  r e c o r d :  p e r s o n a l  and s c i e n -  
t i f i c  d i a r i e s ,  s o r t i e  r e p o r t s ,  m i s s i o n  r e c o r d s .  

D i r e c t ,  real-t ime c r e w  r e p o r t s  and comments. 

P h y s i o l o g i c a l  measures of p s y c h o l o g i c a l  s i g n i f -  
i c a n c e  ( see  T a b l e s  V I 1 1  and I X )  . 

PROCEDURAL COMMENTS 

The p r i n c i p a l  method o f  data  c o l l e c t i o n  w i l l  be  
v i d e o  and a u d i o  o b s e r v a t i o n .  T h i s  o b s e r v a t i o n a l  d a t a  w i l l  b e  
h a n d l e d  by two p a r a l l e l  approaches ,  w i t h  s e p a r a t e  p e r s o n n e l  
f o r  each  approach .  

I n  t he  f i r s t  approach ,  which i s  i n  t h e  t r a d i t i o n  of  
b e h a v i o r i s m  and e t h o l o g i c a l  f i e l d  o b s e r v a t i o n  o f  a n i m a l s ,  data  
c o l l e c t i o n  w i l l  c o n c e n t r a t e  on o b j e c t i v e  r e c o r d i n g  o f  observed  
b e h a v i o r .  The o b s e r v a t i o n s  w i l l  be made by b e h a v i o r a l  mon- 
i t o r s  (p robab ly  l o c a l  c o l l e g e  s t u d e n t s )  who w i l l  be t r a i n e d  
on t h e  j o b .  These mon i to r s  w i l l  make r e l a t i v e l y  few i n t e r -  
p r e t a t i o n s  of b e h a v i o r .  A s  i n  t h e  "double-b l ind"  t e c h n i q u e s  
r o u t i n e l y  used  t o  minimize obse rve r  b i a s  i n  d r u g  e v a l u a t i o n  
s t u d i e s ,  t h e  mon i to r s  w i l l  not be fami l ia r  w i t h  t h e  hypo theses  
o f  t h e  p r i n c i p a l  i n v e s t i g a t o r s .  T h e i r  t a sk  w i l l  be t o  r e c o r d  
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what o c c u r r e d  i n  a s t a n d a r d i z e d  r e c o r d i n g  f o r m a t .  For t h e  most 
p a r t ,  i n f o r m a t i o n  w i l l  b e  r eco rded  on p r e v i o u s l y  p r e p a r e d  forms 
w i t h  a n  emphasis  on measures of t i m e  and f r e q u e n c y .  Each 
data  b i t  w i l l  be  g i v e n  a unique man, t i m e ,  s i g n a t u r e .  Where 
a p p r o p r i a t e ,  measures w i l l  be coded by e x a c t  l o c a t i o n  as w e l l .  
Any r a t i n g s  per formed w i l l  a l s o  be c a r r i e d  o u t  i n  s t a n d a r d i z e d  
p r o c e d u r e s ,  w i t h  emphasis  on s p e c i f i c  e v e n t s  r a t h e r  t h a n  g l o b a l  
e v a l u a t i o n s .  The bu lk  of b e h a v i o r a l  i n t e r p r e t a t i o n  w i l l  b e  
done d u r i n g  r e d u c t i o n  and a n a l y s i s  of t h e  raw data .  S tandard-  
i z a t i o n  w i l l  be  a ided  by  a r equ i r emen t  t h a t  t h e  da ta  b e  reduced  
t o  a form s u i t a b l e  f o r  computer a n a l y s i s .  

The second approach ,  which  i s  i n  t h e  t r a d i t i o n  of  
c l i n i c a l  psychology,  w i l l  u t i l i z e  i n t e r p r e t i v e  o b s e r v a t i o n  by 
s k i l l e d  (Ph .D.  o r  M . D .  l e v e l )  p r o f e s s i o n a l  p e r s o n n e l .  These 
p e r s o n n e l  w i l l  b e  r e s p o n s i b l e  f o r  c o n f e r r i n g  w i t h  t h e  o n - s i t e  
p h y s i c i a n  s h o u l d  q u e s t i o n s  arise abou t  t h e  s a f e t y  o f  c o n t i n u i n g  
t h e  m i s s i o n .  They w i l l  a l s o  be r e s p o n s i b l e  f o r  p r e p a r i n g  
n a r r a t i v e  a c c o u n t s  of  unusua l  and s i g n i f i c a n t  e v e n t s .  These 
a c c o u n t s  w i l l  be backed up b y  a u d i o  o r  v i d e o  t a p e  r e c o r d i n g s .  
Data c o l l e c t e d  b y  t h e  two approaches  w i l l  b e  c o r r e l a t e d  a f t e r  
t h e  m i s s i o n ,  and a l l  data w i l l  b e  made a v a i l a b l e  t o  a l l  i n -  
vo lved  o r g a n i z a t i o n s .  

Most of t h e  o b s e r v a t i o n a l  measures  to b e  g a t h e r e d  
w i l l  no t  be p u r e  measures  of any o f  t he  c o n c e p t u a l  v a r i a b l e s .  
T h i s  i s  because  t h e  measures a r e  s o  complex and i n t e r r e l a t e d  
t h a t  i t  i s  n o t  p o s s i b l e  t o  c l a s s i f y  any broad  ca t egory  of 
b e h a v i o r  under  any s i n g l e  c o n c e p t u a l  group.  S p e c i f i c  a c t i v -  
i t i e s ,  however, can  and w i l l  be s o  c l a s s i f i e d .  One such  c l a s s -  
i f i c a t i o n  i s  p r e s e n t e d  i n  T a b l e s  11-X below. The measures 
l i s t e d  t h e r e i n  are  comprehensive,  b u t  no t  a l l - i n c l u s i v e .  On 
t h e  o t h e r  hand,  some of t h e  measures l i s t e d  may prove  imprac- 
t i c a l  t o  a c t u a l l y  c a r r y  o u t .  However, s u f f i c i e n t  amounts of  
data w i l l  b e  no problem on t h i s  p r o j e c t .  The problem w i l l  
b e  i n  s e l e c t i n g  t h e  b e s t  i n d i c a t o r s  of  t h e  v a r i o u s  c o n c e p t u a l  
c r i t e r i a .  The me thodo log ica l  s t a n d a r d s  a g a i n s t  which t h e  
measures  w i l l  b e  e v a l u a t e d  a r e  summarized i n  T a b l e  I .  

Many of  t h e  measures l i s t e d  are a l s o  "impure" i n  
t h e  s e n s e  t h a t  t h e y  c o n t a i n  component v a r i a n c e  t h a t  i s  d e t e r -  
mined by e x i g e n c i e s  o f  s chedu le ,  w a t e r  c o n d i t i o n s ,  e t c .  How- 
e v e r ,  these  measures  a l s o  c o n t a i n  a s u b s t a n t i a l  segment o f  
genu ine  human performance v a r i a n c e .  By t a k i n g  a number o f  
such  measures ,  i t  i s  p o s s i b l e  d u r i n g  a n a l y s i s  of t h e  d a t a  t o  
converge  upon a n  i n d e x  o f  performance t h a t  would go untapped 
i f  on ly  "puret '  b e h a v i o r  measures were t a k e n .  
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APPENDIX 

HABITAT LAYOUT AND ACTIVITIES I N  VARIOUS AREAS 

Area 1 

. Opera t ions  c o n t r o l  

. Survey communications ( 2  w a y s )  

. Maintenance 

equipment 
. S t a t i o n  k e e p i n g  

. a l l  ECS and s a f e t y  mon i to r ing  

. Exper imen ta l  d a t a  p r o c e s s i n g  

. Exper imen ta l  o p e r a t i o n s  ( d r y )  

. V i s u a l  o b s e r v a t i o n  
. Exper imen ta l  Data c o l l e c t i o n  
. Crew s a f e t y  

. Biomedica l /Behaviora l  o p e r a t i o n s  

J \. 

. I n s t r u m e n t a l  c a l i b r a t i o n ,  r e p a i r ,  r ep lacemen t  o f  expendables  

. R e l a x a t i o n  

. S e m i p r i v a t e  r e t r ea t  

. Moderate w e t  d e t a i l e d  specimen p r o c e s s i n g  
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Area 2 

. Sleep 

. Relaxation/recreation 

. Food preparation 

. Eating 

. Social interaction 

. Personal cleansing and hygiene 

. Toileting 

. Reading/writing 

. Visual observation 
. Experimental data collection 
. Crew safety 
. Recreation 

. Emergency egress/ingress 

. Private retreat 

d 

. Food/equipment storage and retrieval 
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Area 3 
. Check out and monitor 
. Maintain 
. Storage/retrieval 
Area 3a 
. Traverse 
. Transport of material 
(inter-compartment) 

Area 4 
. Doff/don scuba 
. Maintenance and refilling of scuba 
. Pre- and post-dive equipment 
. Equipment maintenance and repair 
. Wet analysis 

. dissection . physical measurements . drawing 

. photography 

. microscopy . preliminary specimen processing 

preparation area 

. Showering 

. Standard ingress/egress 

. Sortie report (duration and preliminary description) 

. Storage/retrieval 

. Logistic preparation area 

. Biomedical/behavioral operations 

. Emergency first aid 

. Visual observation 
. experimental data collection . crew safety 
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Area 5 Natural Extra-Habitat Ecology 

. Monitor/observe local ecology (physical organic, transient 
phenomena, direct eyeball, t.v., photographic. etc.) 

. Collect physical specimens 

. Survey physical geography 

. Collect geology specimens 

. Hunt and collect 
. live flora and fauna 
. inorganics 
. coral 
. shells 
. sand 
. stones 
. sediment 
. water, etc. (live specimens will be trapped, stunned, 
or killed) 

. Communicate with habitat, surface, and diving buddy 

. Travel (swim with scuba or hookah) 
. swimming 
. bottom walking 
. one man powered sled 
. small multimanned submersible 
regarding a l l  animate and inanimate objects of interest 

. Conduct locational and quantitative census of locality 
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Area 6 Experiment Modified Extra-Habitat Ecology 

. Carry out maintenance on exterior of habitat 

. Activate and deploy instrumentation and experimental equipment 

. Collect data from physical equipment (readouts or specimens) 
traverse across experimental area 

. Modify physical ecology or animate contents for experimental 
operations 

. Cooperate with surface work teams as indicated 

. Implement logistic procedures 

. Store and retrieve externally located expendables 

. Accomplish emergency rescue/retrieval 

. Check out and maintain emergency way stations/equipment/ 
decompression facilities 

. Possible biomedical behavioral procedures 
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TABLE I 

C R I T E R I A  F O R  EVALUATING PHYSIOLOGICAL 

AND BEHAVIORAL MEASURES 

(Methodologica l  Expe r i ence )  

A .  R e l i a b i l i t y  

1. I n t e r n a l  c o n s i s t e n c y  o f  measure.  

2 .  S t a b i l i t y  o f  measure on r e p e a t e d  a p p l i c a t i o n  when no 

s i g n i f i c a n t  changes have o c c u r r e d  i n  environment  o r  

we l l -be ing  o f  aquanaut .  

B .  V a l i d i t y  -f Measure c o r r e l a t e s  w i t h  o t h e r  measures o f  

known v a l i d i t y  and/or  w i t h  s i g n i f i c a n t  e v e n t s .  

C .  P r e d i c t i v e  Capac i ty  + When and i f  " c r i t i c a l  i n c i d e n t "  

o c c u r s ,  which measures "foresaw" i t  p r e v i o u s  t o  o c c u r r e n c e .  

D .  S i m p l i c i t y  -t I n  unde r ly ing  a s sumpt ions ,  i n  c a r r y i n g  o u t ,  

i n  a n a l y s i s :  most s imple measure which does t h e  j o b  i s  

b e s t .  

E .  Non- in t e r f e rence  -t The l e s s  i n t e r f e r e n c e  w i t h  m i s s i o n  

o p e r a t i o n s ,  t h e  b e t t e r .  

F.  Uniqueness -f Does t h e  measure have genuine  v a r i a n c e  which 

i s  n o t  p r e d i c t e d  by o t h e r  measures? 
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TABLE I1 

SUMMARY OF PRE-MISSION MEASURES 

1) Demographic Data 

Age 
E d u c a t i o n  and employment r e c o r d  
Div ing  and o t h e r  r e l a t e d  e x p e r i e n c e  
Marital and p a r e n t a l  s ta tus  
Family s i z e  and d e n s i t y  index  
B i r t h  o r d e r  
Family m o b i l i t y  
S i z e  of home town 
A n t i - s o c i a l  behav io r  r eco rd  
R e l i g i o u s  a f f i l i a t i o n  

2 )  R e s u l t s  o f  Complete P h y s i c a l  and Den ta l  Examinat ion 
_. 

I n c l u d i n g ,  b u t  n o t  l i m i t e d  t o :  
Tes t s  o f  pulmonary and r e s p i r a t o r y  f u n c t i o n *  
Tes ts  o f  c a r d i o v a s c u l a r  f u n c t i o n  ( i n c l u d i n g  Harvard 

Complete b lood  a n a l y s i s '  
Complete u r i n e  a n a l y s i s #  
N A S A  EEG Data Bank Tests 

S t a n d a r d  S t e p  Tes t  and E K G )  

3 )  P e r s o n a l i t y  Data 

Edwards '  P e r s o n a l  P re fe rence  Schedule  
Allport-Vernon-Lindzey S c a l e  o f  Values  
S e l e c t i v e  Word Memory T e s t  
Underachiever  Index  
P e n s a c o l a  Z S c a l e  
I m p u l s i v i t y  S c a l e  
R a t i n g s  by c l i n i c i a n s  

1c 
Vital  c a p a c i t y ,  t imed v i t a l  c a p a c i t y ,  maximm v e n t i l a t o r y  
volume, t ranspulmonary  p r e s s u r e s ,  d i f f u s i o n  c o n s t a n t  f o r  
ca rbon  monoxide, r e s i d u a l  volume, a i rway r e s i s t a n c e ,  l ung  
compl iance ,  e t c .  
Hemoglobin c o n c e n t r a t i o n ,  red c e l l  s i z e  and c o u n t ,  d i f f e r e n -  
t i a l  and t o t a l  w h i t e  c e l l  c o u n t ,  r e t i c u l o c y t e s ,  p l a t e l e t  
c o u n t ,  Lee-White c o a g u l a t i o n ,  e t c .  

e t c .  

+ 

# S p e c i f i c  g r a v i t y ,  ca lc ium,  n i t r o g e n ,  ca t echo lamines ,  17-OHCS, 
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TABLE I1 (Con t inued)  

4) S o c i a l  and Adjustment Data 

S o c i o m e t r i c  Q u e s t i o n n a i r e s  
Mood A d j e c t i v e  Check L i s t  B a s e l i n e  
S l e e p  Base l ine  

5 )  T r a i n i n g  Data 

Performance Assessment on Rou t ine  Tasks During T r a i n i n g  
Time-Motion Ana lys i s  o f  S e l e c t e d  Tasks 
Pre-Mis  s i o n  Hab i t  a b i l i t y  Walk-Through Forms 
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TABLE I11 

SUMMARY OF POST-MISSION MEASURES 

Results of Complete Physical and Dental Examination 

Debriefing Interview 

Sociometric Questionnaires 

Habitability Questionnaire 

Science-Support and Diving Equipment Evaluation Forms 

Post-Mission Sleep Monitoring 

Self-satisfaction Rating 

Number and Rated Quality of Scientific Reports Derived From Mission 
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O p e r a t i o n  

Moni to r ing  
Environment 
Parameters 
and L i f e  
Suppor t  Sys tem 

M i  S S i o n -  R e  l a t  ed 
Communication t o  
Surf a c e  
P r e v e n t a t i v e  
Maintenance 

M a l f u n c t i o n  
Repai r  Tasks  

TABLE I V  

PERFORMANCE ASSESSMENT FROM ROUTINE TASKS 

Behav io ra l  Measure 

Adherence t o  watch s c h e d u l e  

Frequency o f  mon i to r ing  each 
i n d i c a t o r  
Accuracy o f  mon i to r ing  

Time t o  n o t i c e  ECS abnorma l i ty  
Time t o  c o r r e c t  a b n o r m a l i t y  ( i f  
c o n t r o l l a b l e  from h a b i t a t )  

Number o f  " f a l s e  alarms" 
Number of f a i l u r e s  t o  communicate 
n e c e s s a r y  i n f o r m a t i o n  t o  s u r r a c e  
Frequency of  performance o f  each 
task b y  each crewman 
Time t o  perform 
Adequacz o f  maintenance 
Frequency o f  performance by each  
crewman 
T i m e  t o  per form 
Number of  " e r r o r s "  
a .  Wrong pa r t  i s o l a t e d  
b .  Damage done i n  p r o c e s s  o f  r e p a i r  

Adherence t o  r o u t i n e  
Housekeeping 
Tasks ( e . g . ,  

Adequacy o f  performance c l e a n i n g  up ,  

Frequency o f  performance of each 
task  by each crewman 

Sens ing/Record ing  
Technique 

+ 
D.O., p r o t o c o l  
c h e c k l i s t  
W r i t t e n  r e c o r d s  

I n - h a b i t a t  r e c o r d e d  
v a l u e  v s .  s u r f a c e  
i n d i c a t o r  v a l u e *  
D.O., timers 
D.O., timers 

D.O., Analys i s  o f  
t r a n s c r i p t s ,  m i s s i o n  
r e c o r d s  
D.O., c h e c k l i s t  

D.O., timers 
D.O., r a t i n g  form 
D.O. 

D.O., timers 
D.O., e v a l u a t i o n  
form 

D.O., p r o t o c o l  
c h e c k l i s t  
D . O .  

D.O., r a t i n g  form 
s t o r a g e ,  e t c .  ) 

'Direct  Obse rva t ion  
by TV or aud io  
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*Moni tor ing:  For a number of env i ronmen ta l  p a r a m e t e r s ,  t h e r e  
w i l l  b e  b o t h  read-out  d i a l s  i n  the  h a b i t a t  and d i r e c t  l i n e s  
t o  t o p s i d e  i n d i c a t o r s .  F o r  example, a t  one l o c a t i o n  i n  t h e  
h a b i t a t ,  t h e r e  w i l l  be b o t h  a sound- l eve l  meter ( p o r t a b l e )  
and a n  open, c a l i b r a t e d  microphone. Continuous a u t o m a t i c  
r e c o r d i n g s  of  many of  t h e  s u r f a c e  i n d i c a t o r s  ( w i t h  a p p r o p r i -  
a te  t i m e  s c a l e )  w i l l  b e  made. These r e c o r d i n g s  w i l l  p e r m i t  
accu racy  checks and a l s o  measurement o f  r e a c t i o n  t i m e  o f  bo th  
h a b i t a t  and s u r f a c e  crew t o  a b n o r m a l i t i e s .  O the r  i n d i c a t o r s ,  
which  a re  n o t  s o  i n s t r u m e n t e d ,  w i l l  r e q u i r e  c o o r d i n a t e d  
o b s e r v a t i o n s  between h a b i t a t  and s u r f a c e  i f  accu racy  checks 
are t o  be made. 

Normative Data for comparison w i t h  above measures w i l l  be 
o b t a i n e d  as f o l l o w s  : 
A .  For s i m p l e ,  r e p e t i t i v e  f u n c t i o n s ,  b e h a v i o r  can  be  compared 

w i t h  same a c t  performed by same crewman a t  p r e v i o u s  t imes 
i n  m i s s i o n  ( t i m e  c o u r s e ) .  

B .  Some tasks  can b e  compared t o  l e a r n i n g  cu rves  and enve lopes  
. a s sympto t i c  performance d u r i n g  t r a i n i n g  . 

C .  Some tasks ( e . g . ,  time t o  n o t i c e  ECS a b n o r m a l i t y )  can  b e  
compared t o  performance of same by t o p s i d e  mon i to r s  a t  
same t i m e  d u r i n g  m i s s i o n .  Such comparisons must ,  of  
c o u r s e ,  be  tempered by c o n s i d e r a t i o n  of  d i f f e r e n c e s  i n  
d i s p l a y s ,  watch s c h e d u l e s ,  e t c .  

D .  For performance measurement on  complex, u n a n t i c i p a t e d  ab- 
n o r m a l i t i e s  i n  ECS, comparison data  may be g e n e r a t e d  by 
s i m u l a t i n g  m a l f u n c t i o n  on c o n t r o l  p a n e l s  f o r  s a f e t y  d r i l l  
p u r p o s e s .  The crew w i l l  b e  in formed t h a t  unannounced 
d r i l l s  w i l l  be conducted .  

NASA-MM w i l l  t ake  upon i t s e l f  t h e  t a sk  o f  c o o r d i n a t i n g  t h e  
above data (a t  l ea s t  d u r i n g  t h e  a n a l y s i s  s t a g e s )  w i t h  on-going 
s t u d i e s  o f  performance assessment  from Gemini and Apol lo  op- 
e r a t i o n a l  t e l e m e t r y .  Making t h e  T e k t i t e  r e s u l t s  compa t ib l e  
w i t h  c l a s s i f i c a t i o n  and a n a l y s i s  schemes t h a t  have been deve l -  
oped i n  t h e  Gemini-Apollo s t u d i e s  shou ld  be  b e n e f i c i a l  t o  b o t h  
e n d e a v o r s .  

of 
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TABLE V 

PERFORMANCE ASSESSMENT FROM D I V I N G  

AND SCIENTIFIC A C T I V I T I E S  

O p e r a t i o n  Behavioral Measure 

P r e p a r a t i o n  f o r  Dive Adequacy o'f p r e p a r a t i o n  

Div ing  
T i m e  s p e n t  p r e p a r i n g  
Number of d i v e s  p e r  day 

Length of  each d i v e  

Number of  o b s e r v a t i o n s  p e r  
d i v e  
Number o f  specimens c o l -  
l e c t e c  p e r  d i v e  

Pos t -d ive  a c t i v i t y  Adequacy of s e c u r i n g  

T i m e  s p e n t  s e c u r i n g  
Expressed  s a t i s f a c t i o n  
w i t h  d i v e  

S c i e n t i f i c  A c t i v i t y  Globa l  Measures 
Accomplishment / A s  p i r a t  i o n s  

R a t i o  
A .  Over w h o l e  m i s s i o n  
B .  P e r i o d i c a l l y  ( e . % .  , 

S e l f - s a t i s f a c t i o n  w i t h  
s c i e n t i f i c  performance 

w e e k l y )  

R a t i n g  of  performance b y  
t o p s i d e  s c i e n t i s t s  

Data c o l l e c t i o n ,  Number of  specimens co l -  
P r o c e s s i n g  l e c t e d  p e r  day  

Amount of d a t a  p e r  day  

Amount o f  d a t a  p e r  "oppor- 
t u n i  t y " 

o f  data p r o c e s s i n g  
s l i d e s  p r e p a r e d )  

Sens ing/Record ing  
Te chnia  ue 

D.O., p r o t o c o l  
c h e c k l i s t  
D . O . ,  t imers  
D . O . ,  s o r t i e  r e p o r t s  
I n - h a b i t a t  t i m e r ,  
s o r t i e  r e p o r t s  
S o r t i e  r e p o r t s  

S o r t i e  r e p o r t s  

D . O . ,  p r o t o c o l  
c h e c k l i s t  
D.O., T i m e r s  
D . O . ,  s c a l i n g  form 
f o r  v e r b a l  e x p r e s s i o n s  
D .O., s c i e n t i f i c  l o g s . ,  
c h e c k l i s t s  of o r i g i n a l  ' 
p l a n s  and p e r i o d i c ,  re- 
v i s e d  p l a n s  

Paper-and-penci l  se l f -  
r a t i n g  . 
Verbal e x p r e s s i o n s  ef 
same. 
R a t i n g  form, ailchored 
t o  data samples, 
s p e c i f i c  s c i e n t i f i c  
hypo theses ,  e t c .  
S o r t i e  r e p o r t s ,  
s c i e n t i f i c  l o g s ,  
d i r e c t  measurement of 
samples b rough t  up i n  
p h y s i c a l  r e c o v e r y  s y s t e m  

Ra t ing  by t o p s i d e  
s c i e n t i s t s  



O p e r a t i o n  

TABLE V (Cont inued)  

Behav io ra l  Measure 

Accuracy o f  data r e c o r d e d ,  
t r a n s m i t t e d  
( S e q u e n t i a l  course  a s  
mis s ion  p r o g r e s s e s ,  each 
s c i e n t i s t  compared w i t h  
h i m s e l f .  ) 

Preven t  a t  i v e  Frequency of performance  
T i m e  t o  p e r f o r m  Maintenance and 

Repai r  of  Sc ien-  
t i f i c  Equipment Adequacy of  maintenance 

Number of " e r r o r s "  
a.  Wrong part  i s o l a t e d  
b .  Damage done i n  p r o c e s s  

of r e p a i r  
Occurrence  o f  
Une xpe c t e d 
Phenomena 

Yes/No r e c o r d  of whe the r  
o p p o r t u n i t y  was success -  
f u l l y  e x p l o i t e d  
Q u a l i t a t i v e  d e s c r i p t i o n  of  
e v e n t  
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Sens ing/Record ing  
T e  chnia  ue 

Comparison w i t h  s u r f a c e  
measurement of samples .  
" P a r i t y "  and o t h e r  
checks of data t r a n s -  
m i s s i o n .  

D . O . ,  c h e c k l i s t  
D . O . ,  timers 
D . O . ,  r a t i n g  form 
D .O . , eva.1 u a t i o n  form 

D . O . ,  S o r t i e  r e p o r t s ,  
s c i e n t i f i c  l o g s .  
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TABLE V I  

V a r i a b l e  Class 

G r e g a r i o u s n e s s  

T e r r i t o r i a l i t y  

ASSESSMENT OF SOCIAL INTERACTION 

Behav io ra l  Measure 

Time s p e n t  by  each  man i n  
company of o t h e r s  
Frequency of i n i t i a t i n g  
s o c i a l  c o n t a c t  
Time s p e n t  by e a c h  man i n  
v a r i o u s  a r e a s  o f  h a b i t a t  

Occur rence ,  f r equency  o f  
v e r b a l  "defense"  of  a n  
area 
P r e f e r e n c e  for s p e c i f i c  
bunks ,  working areas, e t c .  

Group c o h e s i v e n e s s ,  Who e a t s  w i t h  whom 
Who d i v e s  w i t h  whom c l i q u e  f o r m a t i o n  

With in-Habi t  a t  
I n t e r a c t i o n  
P r o c e s s  

Frequency ,  tempora l  
d i s t r i b u t i o n  of  s i z e  o f  
groups  working t o g e t h e r  
P s y c h o l o g i c a l  d i s t a n c e  
and s o c i o m e t r i c  q u e s t i o n -  
n a i r e s  
Number of p e r s o n a l  commu- 
n i c a t i o n s  t o  s u r f a c e  ( f o r  
a l l  crew members combined) 
Also ,  communication p r o c e s s  
measures  be low 
Samples o f  v e r b a l  and o t h e r  
o v e r t  s o c i a l  b e h a v i o r  w i l l  
be  r e c o r d e d  and a n a l y z e d  
by a s o c i a l  i n t e r a c t i o n  
a n a l y s i s  scheme Emphasis 
w i l l  be on whole-group 
a c t i v i t i e s  such as m e a l s .  

H a b i t  a t  -Sur f  a c e  
I n t e r a c t i o n  P rocess  similar t o  above 

I n t e r a c t i o n  a n a l y s i s  

Sens ing/Record ing  
Techniaue 

D.O., t i m e r s  

D.O., i n t e r a c t i o n  
a n a l y s i s  form 
D.O., timers 

D.O., i n t e r a c t i o n  
a n a l y s i s  form 

pos t-miss i o n  r a t i n g  
by crew 
D.O. 
D.O. 
D.O. 

Paper-and-penci l ,  p re -  
and p o s t - m i s s i o n .  

D.O., i n t e r a c t i o n  
a n a l y s i s  form,  t a p e  
r e c o r d i n g  

D.O., i n t e r a c t i o n  
a n a l y s i s  form, t a p e  
r e c o r d i n g .  



V a r i a b l e  Class 

L e a d e r s h i p  
f u n c t i o n ,  
"peck ing  o r d e r "  

TABLE V I  (Cont inued)  

Behav io ra l  Measure 

Frequency of "compla in ts  
Frequency of d i s r e g a r d  of  
or r e s i s t a n c e  t o  s u r f a c e  
r e q u e s t s ,  mi s s ion  r u l e s  
and p r o t o c o l  

~- 
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Sens ing/Record ing  
Technique 

Order of  e n t e r i n g  and l eav -  
i n g  w a t e r  on d i v e s  

D.O. 

Who assis ts  whom w i t h  
d i v i n g  g e a r ,  e t c .  D . O .  

Frequency of i n i t i a t i n g  D . O . ,  i n t e r a c t i o n  
group a c t i v i t y  f o r  each  a n a l y s i s  form 
crew member 

I l e n t i t y  o f  group spokes-  D.O.  
man f o r  communications t o  
s u r f a c e  c o n t r o l  
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Variable  Class 

A c t i v i t y  L e v e l  

Goal O r i e n t a t i o n  
A .  Maintenance 

o f  Miss ion  
D i s c i p l i n e  

B .  Escape/Avoid- 
ance  Behav io r s  

Mood 

TABLE V I 1  

ASSESSMENT O F  PERSONAL ADJUSTMENT 

B e h a v i o r a l  Measure 

Number of moves from chamber D . O .  
t o  chamber of h a b i t a t  p e r  
u n i t  t i m e  
Number o f  times i n  and o u t  
of r ange  of s i n g l e  camera 
p e r  u n i t  time 

Sensing/Re c o r d i n g  
Technique 

T i m e  up i n  morning D . O .  

Observers  r a t i n g  of  p e r s o n a l  D . O . ,  r a t i n g  form 
c l e a n l i n e s s  

Occurrence o f  mis s ion  r u l e  D . O . ,  exceP t ion  
b r e a k i n g  (Frequency,  impor- r e p o r t i n g  'form 
t a n c e )  

Occurrence  o f  " a c c i d e n t s "  D . O . ,  a c c i d e n t  
(Frequency ,  s e r i o u s n e s s )  r e p o r t  form 

Number o f  p e r s o n a l  communi- Communi c a t  i o n s  
c a t i o n s  t o  s u r f a c e  Mail r e c o r d  

Evas ion  o f  mon i to r ing :  

r e c o r d  

Amount of t i m e  p e r  day 

Occurrence of b e h a v i o r s  which D.O. 

From a n a l y s i s  o f  
"o f f  camera" D . O .  r e c o r d s  

o b s t r u c t  moni o r i n g  ( I n i t i a -  
f r e  uenc ) 

Am%t #per day 
s p e n t  i n  non-mission a c t i v -  
i t i e s  ( e  . g . ,  r e c r e a t i o n ,  
napping ,  e t c . )  

Mood A d j e c t i v e  Check L i s t - -  
i ; e r i=d iC  ~ h ~ y t ,  form 

Mood c o n t e n t  of d a i l y  s o c i a l  
i n t e r a c t i o n s  -t f r o m  a n a l y s i s  
o f  w i t h i n - h a b i t a t  and hab- 
i t a t - s u r f a c e  i n t e r a c t i o n s  
Observer  r a t i n g  o f  mood 
(on  awakening, a t  meals, 
e t c . )  

Cumulated from D.O.  

Paper-and-penci l  form 
( a l t e r n a t e  v e r s i o n s  for 
methodo log ica l  pu rposes  ) 

D . O . ,  i n t e r a c t i o n  
a n a l y s i s  form 

D . O . ,  r a t i n g  form 



TABLE VI1 (Cont inued)  
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Variable Class B e h a v i o r a l  Measure Sens ing/Record inq  

M o t i v a t i o n a l  P r o -  Breakdown o f  d a i l y  a c t i v i t y  D . O . ,  s c o r i n g  sys tem 
f i l e  i n t o  d r i v e  c a t e g o r i e s .  f or d r i v e  c a t e g o r i e s  

Technique 

E . g . :  
Amount o f  t ime i n  food  

Amount of t ime s p e n t  i n  v a r i o u s  
b o d i l y  f u n c t i o n s  (washing,  groom- 
i n g ,  t o i l e t  f u n c t i o n s ,  e t c .  ) 
F r e  uenc o f  s e x - r e l a t e d  a c t i v -  9 i t i e s  e .g . , ;  s e x u a l  j o k e s )  
Amount o f  t ime i n  p e r s o n a l  v s .  
g r o u p - i n t e r e s t  tasks 

r e l a t e d  a c t i v i t i e s  

Nature  o f  r e c r e a t i o n a l  ac-  
t i v i t y  engaged i n  

Need for and  Number o f  t imes  up d u r i n g  
Adequacy o f  S l e e p  n i g h t  

Number and l e n g t h  o f  daytime 
naps 
P s y c h o p h y s i o l o g i c a l  monitor-  
i n g  o f  s l e e p  ( s e e  Table  IX) 

A p p e t i t e  

Mani f es t 
Anxiety 

Number o f  meals and snacks  
p e r  day 

Amount e a t e n  a t  each  meal 
R a t i n g  of s a t i s f a c t i o n  w i t h  
food  

Occurrence of s p e c i f i e d  
a n x i e t y  behav io r s  
Q u a l i t a t i v e  d e s c r i p t i o n  o f  
such  b e h a v i o r  and i t s  a n t e -  
cedeflts  

Over t  Aggress ion  Occurrence of s p e c i f i e d  
a g g r e s s i v e  behav io r s  
Q u a l i t a t i v e  d e s c r i p t i o n  of  
such  b e h a v i o r  and i t s  a n t e -  
c e d e n t s  

Symptoms 
Occurrence of specif.i.ed symp- 
toms ( t i c s ,  headaches ,  e t c .  ) 
S e l f - r e p o r t  of s p e c i f i e d  
symptoms 
Quer i e s  as t o  s p e c i f i e d  symp- 
toms i n  p e r i o d i c  med ica l  i n -  
t e r v i e w  by t o p s i d e  M . D .  

D . O . ,  p r o j e c t i v e  
a n a l y s i s  o f  r e c r e a t i o n  

D.O. 

D . O . ,  t imers  

D . O .  

D . O . ,  r e c o r d i n g  form 
D.o . ,  s t a n d a r d  9-poin t  
sca le  of  food a c c e p t a b i l -  
i t y  (Wr igh t -Pa t t e r son)  
D . O . ,  c h e c k l i s t  

Event des c r i p  t i o n  
form 

D . O . ,  c h e c k l i s t  

Event d e s c r i p t i o n  form 

D .  O . ,  c h e c k l i s t  

Paper-and-penci l  

D i r e c t  r e p o r t  
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ASSESSMENT OF PHYSIOLOGICAL STATUS 

(The f o l l o w i n g  measures do not p r o p e r l y  f a l l  i n  t h e  Behavior  
Program, and f i n a l  r e s p o n s i b i l i t y  f o r  t h e i r  d e f i n i t i o n  and 
e x e c u t i o n  res ts  w i t h  t h e  T e k t i t e  b iomed ica l  team. However, 
i n  t h e  a n a l y s i s  o f  s p e c i f i c  parameters of  human b e h a v i o r ,  i t  
i s  e s s e n t i a l  t h a t  a l l  f a c t o r s  p o t e n t i a l l y  capab le  of c a u s i n g  
d e v i a t i o n s  from b a s e l i n e  performance b e  i d e n t i f i e d  and con- 
t r o l l e d .  
are i n c l u d e d  t o  emphasize t h e  "whole man," p s y c h o p h y s i o l o g i c a l  
approach  t h a t  s h o u l d  b e  u t i l i z e d  i n  T e k t i t e . )  

The measures  below w i l l  a i d  i n  doing  t h i s ,  and they  

Var iab le  Class, Procedure  

R e s p i r a t o r y  and Pulmonary 
F u n c t i o n  (Rou t ine  pe r -  
formed once p e r  week)  

C a r d i o v a s c u l a r  F u n c t i o n  
(Rou t ine  performed once 
p e r  week, c o o r d i n a t e d  
w i t h  r e s p i r a t o r y  t e s t s )  

P h y s i o l o g i c a l  Measures Apparatus  

Vital  c a p a c i t y  Sp i romete r  , 
Timed v i t a l  c a p a c i t y  Kymograph 

Maximum V e n t i l a t o r y  

Trans pulmonary p r e s  - Swallowed 
s u r e s  b a l l o o n  

I n s p i r a t o r y  
E x p i r a t o r y  

Vo 1 ume 

Heart  r a t e ,  E K G  
changes caused  b y  
above v e n t i l a t o r y  
maneuvers 
Harvard S t e p  T e s t  
Equ iva len t  
Rate o f  change due 
t o  i n i t i a t i o n  and 
maintenance of 
s p e c i f i c  work l o a d  
Absolute  l e v e l s  o f  
h e a r t  r a t e  o b t a i n e d  
Elapsed  t i m e  t o  
develop maximum r a t e  
Rate o f  change dur-  
i n g  p o s t  e x e r c i s e  
p e r i o d  
Elapsed t i m e  t o  r e t u r n  
t o  p r e - t e s t  r a t e  
EKG waveform b e f o r e ,  
du r ing  and a f t e r  
e x e r c i s e .  

EKG e l e c -  
t r o d e s ,  i n -  
h a b i t a t  
r e c o r d e r  o r  
channel  t o  
s u r f  a c e  
NASA can  
s upp l y  b i cy c l e  
e rgometer  
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TABLE VI11 (Cont inued)  

Var i ab le  Class, Procedure  

Hemato log ica l  f u n c t i o n s  
(small  sample o f  b lood  
c o l l e c t e d  once p e r  week, 
a n a l y z e d  i n  h a b i t a t ,  
s l i d e s  s e n t  t o  s u r f a c e )  

Metabol ic ,  e n d o c r i n e  
f u n c t i o n s  

Weekly e y e ,  e a r ,  nose ,  
and t h r o a t  exam (aqua- 
n a u t s  check each  o t h e r )  

Weekly med ica l  i n t e r -  
view 

Phy s i o l o g i  c a l  Me as u r e s  

Hemoglobin concen t r a -  
t i o n  
Red c e l l  s i z e  and coun t  
D i f f e r e n t i a l  and t o t a l  
w h i t e  c e l l  coun t  
R e t i c u l o c y t e s  
P l a t e l e t  count  
Lee-White c o a g u l a t i o n  

Urine a n a l y s i s  
S p e c i f i c  g r a v i t y  
Calcium 
Ni t rogen  
Catecholamine l e v e l s  
17-OHCS l e v e l s  

Body weight  ( d a i l y  ) 

Body t e m p e r a t u r e  
( b e f o r e  and a f t e r  
s e l e c t e d  d i v e s )  

Examine f o r  s p e c i f i e d  
symptoms 

Performed weekly b y  
t o p s i d e  M.D., c o o r d i -  
na t ed  w i t h  above 
measures 

Apparatus  

Microscope,  
s amp l i n g  
s y r i n g e ,  
s l i d e s ,  chem- 
i c a l s  

Samples co l -  
l e c t e d  p e r i o d -  
i c a l l y ,  f r o z e n  
and s e n t  t o  
s u r f a c e  f o r  
a n a l y s i s  

S c a l e  

Ear i n s e r t  
thermometer 

Ophthalmoscope, 
tongue d e p r e s s o r s ,  
symptom check- 
l i s t  
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PSYCHOPHYSIOLOGICAL MONITORING OF SLEEP 

I. DESIRABLE PHYSIOLOGICAL PARAMETERS 

Parameter 

E l e  c t r o e n c e p h a l -  
ogram (EEG) 

E l e c t r o o c u l o g r a m  
( E O G )  

E l e c t r o c a r d i o g r a m  
( E K G )  and Heart 
Rate ( H R )  

R e s p i r a t o r y  Rate 
and Depth (Imped- 
a n c e  measure)  

Skin  P o t e n t i a l  
(SP)  f l u c t u a t i o n s  

Body t e m p e r a t u r e  

Body movement 

J u s  t i  f i c a t i o n  

For  d e f i n i t i o n  of  
s l e e p  s t a g e s ;  i n d e x  
of  n e u r o l o g i c a l  
f u n c t i o n i n g  

To d i f f e r e n t i a t e  
rapid-eye-movement 
(REM) "dreaming" 
from S t a g e  I s l e e p .  

For  e v a l u a t i o n  o f  
c a r d i o v a s c u l a r  
f u n c t i o n ;  good 
i n d i c a t o r  o f  meta- 
b o l i c  e f f e c t s  of  
dayt ime a c t i v i t y  

For  e v a l u a t i o n  o f  
pulmonary f unc t i  on ; 
f o r  c o r r e l a t i o n  w i t h  
EKG and HR -+ r e f l e x  
f u n c t i o n  

S e n s i t i v e  i n d i c a t o r  
of  dayt ime stress 

For  e l u c i d a t i o n  o f  
m e t a b o l i c  e f f e c t s  

S l e e p  d i s t u r b a n c e  
i n d i c a t o r ;  a l s o  
c l a r i f i e s  changes 
i n  o t h e r  p a r a m e t e r s  

- Y  

P r o c e d u r a l  
Comments 

Highly desirable ,  
b u t  d i f f i c u l t  t o  
i n s t r u m e n t .  Low 
s i g n a l  l e v e l ,  
e l e c t r o d e s  b o t h e r -  
some. 

High s i g n a l  l e v e l ,  
b u t  e l e c t r o d e s  may 
be bothersome 

Easy t o  i n s t r u m e n t  
w i t h  minimal i n t e r -  
f e r e n c e .  Aerospace 
e x p e r i e n c z  u s e f u l  
f o r  b o t h :  
E l e c t r o d e  p lacement .  
A n a l y s i s  t e c h n i q u e s .  

Can be  o b t a i n e d  
from EKG e l e c t r o d e  
w i t h  p r o p e r  c i r c u i t r y  

Easy t o  i n s t r u m e n t  
w i t h  minimal i n t e r -  
f e r e n c e  

O p t i o n a l ;  e a r p l u g  
o r  r e c t a l  s e n s o r  

E a s i l y  i n s t r u m e n t e d  , 
e i t h e r  t h r o u g h  s e n s o r  
i n  bed o r  a r t i f a c t s  
i n  o t h e r  pa rame te r s  
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11. BASIC SLEEP MEASURES OF PSYCHOLOGICAL SIGNIFICANCE 

P s y c h o l o g i c a l  Concept 

Adequacy, d e p t h  of s l e e p  

S t r e s s  f rom p r i o r  d a y ' s  
a c t i v i t i e s  

S t r e s s f u l  a n t i c i p a t i o n ,  
S u b j e c t i v e  u n c e r t a i n t y  

S l e e p  Measure 

Amount of  s l e e p  s t a g e s  (I ,  11, 
111, I V ,  REM) p e r  n i g h t  i n  
comparison w i t h  b a s e l i n e  
n i g h t s  
Number of t r a n s i t i o n s  f m m  
s t a g e  t o  s t a g e  ( i n v e r s e l y  
r e l a t e d )  

Amount of  S t a g e  I V  s l e e p  
p e r  n i g h t  ( i n v e r s e l y  
r e l a t e d )  
Number of  SP  f l u c t u a t i o n s  
p e r  n i g h t  ( e s p e c i a l l y  
d u r i n g  S t a g e  I V )  
Heart r a t e  du r ing  e a r l y -  
even ing  s l e e p  

Amount of t he t a  a c t i v i t y  
Der n i g h t  
Amount-of REM s l e e p  p e r  
n i g h t  ( ? )  

111. PROCEDURAL AND EQUIPMENT REQUIREMENTS 

1) Techniques  f o r  a p p l i c a t i o n  o f  e l e c t r o d e s  and r e c o r d i n g  
o f  data must cause  minimal i n t e r f e r e n c e  w i t h  p r e - s l e e p  a c t i v i t i e s  
and s l e e p  i t s e l f .  C e r t a i n  parameters  ( f o r  example,  EEG) may 
have  t o  be d i s c a r d e d  i f  t h e  equipment f o r  t h e i r  measurement 
cannot  be s u i t a b l y  s i m p l i f i e d .  
measu r ing  package which w i l l  work th roughou t  t h e  m i s s i o n  t h a n  
an e l a b o r a t e  se t -up  t ha t  1s - n * n n t A A  I - G J G L ~ G u  Sy  t h e  aquanauts  c r  malfunc- 
t i o n s  a f t e r  a few n i g h t s .  

I t  i s  b e t t e r  t o  have a S p a r t a n  

2)  Some s o r t  of s l e e p  r e c o r d  f o r  each aquanaut  on eve ry  
n i g h t  of  t he  m i s s i o n  i s  h i g h l y  d e s i r a b l e .  
mon i to r ing  of d i f f i c u l t  pa rame te r s  (EEG, EMG) may be a c c e p t a b l e ,  

Alternate n i g h t  

however. 



, 

TABLE I X  (Cont inued)  

3)  B a s e l i n e  s l e e p  measures s h o u l d  b e  o b t a i n e d  p r i o r  t o  

I n  a d d i t i o n ,  t h e  crew shou ld  be  r u n  th rough  t h e  

t h e  m i s s i o n  o v e r  s e v e r a l  n i g h t s ,  i n c l u d i n g  n i g h t s  f o l l o w i n g  
r e a l - l i f e  s t r e s s e s  f o r  c l a r i f i c a t i o n  of i n d i v i d u a l  s l e e p  
p a t t e r n s .  
N A S A  EEG Normative L i b r a r y  p rocedures  a t  t h e  Method i s t  H o s p i t a l  
i n  Houston.  

4 )  S l e e p  measures ,  b o t h  b a s e l i n e  and du r ing -mis s ion ,  
s h o u l d  be  c o r r e l a t e d  w i t h  t h e  Mood A d j e c t i v e  Check L i s t  and 
day t ime  env i ronmen ta l  and b e h a v i o r a l  e v e n t s .  

r e c o r d i n g  equipment s o  t ha t  s l e e p  data can be i n c l u d e d  i n  
day-by-day e v a l u a t i o n s  of  mis s ion  s a f e t y .  

f o r  some on-shore p e r s o n n e l  a s  a c o n t r o l .  

5 )  A qu ick- look  c a p a c i t y  shou ld  b e  i n c o r p o r a t e d  i n  

6 )  P h y s i o l o g i c a l  mon i to r ing  o f  s leep s h o u l d  be cons ide red  
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TABLE X 

ASSESSMENT OF HABITABILITY 

I .  Pre-Miss ion  E v a l u a t i o n  

Review o f  hab i t a t  d e s i g n s  and mock-ups 
-+ A p p l i c a t i o n  of Navy S tanda rds  

-f A p p l i c a t i o n  of  NASA S tanda rds  

-+ C r e w  walk- through w i t h  comment forms 

(OPNAV 9330.5A) 

( H a b i t  ab i lit y C he c k l i s  t -MM) 

Note Nominal Values  v e r s u s  Observed Values  
C o r r e c t  ma jo r  d i s c r e p a n c i e s  
Note minor d i s c r e p a n c i e s ,  u n c e r t a i n t i e s  f o r  

p a r t i c u l a r  a t t e n t i o n  du r ing  m i s s i o n .  

11. During-Mission E v a l u a t i o n s  

1. 
2 .  D i r e c t  o b s e r v a t i o n  of crew i n  hab i t a t  

Envi ronmenta l  Moni tor ing  ( c o n t a m i n a n t s ,  n o i s e ,  e t c . )  

C i r c u l a t i o n  p a t t e r n s  ( p a t h s  o f  movement, f r equency ,  
l e n g t h )  

U t i l i z a t i o n  p a t t e r n s  (amount of t i m e  s p e n t  i n  
v a r i o u s  a r e a s ,  unused s p a c e s ,  e t c .  ) 

D a i l y  power consumption and peak l e v e l s  
D a i l y  w a t e r  consumption and peak l e v e l s  
D a i l y  oxygen consumption and peak l e v e l s  
D a i l y  p r o d u c t i o n  and peak l e v e l s  o f  carbon monoxide 

Record on TV t a p e :  crew-produced a l t e r a t i o n s  i n  habi-  

Record a c c i d e n t s ,  i nconven iences  due t o  h a b i t a t  

and o t h e r  con taminan t s  

t a t  (moving of f u r n i t u r e ,  e t c . )  

c o n f i g u r a t i o n  
Choice of r e c r e a t i o n a l  a c t i v i t i e s ,  t r e n d s  i n  same 
Food c h o i c e s ,  amounts e a t e n  
C l o t h i n g  u t i l i z e d :  Type, amount o f  wear i n  m a t e r i a l  
Du ty - re s t  s c h e d u l e s :  Change as mis s ion  p r o g r e s s e s  

P e r i o d i c  h a b i t a b i l i t y -  q u e s t i o n n a i r e s  
Re levan t  comments i n  l o g s  
V e r b a l  comments d u r i n g  o p e r a t i o n  
TV-tape r e c o r d  of  s p e c i f i c  d e s i g n  i n a d e q u a c i e s  

3. Crew Comment 

111. Pos t rMiss ion  E v a l u a t i o n  

1. Extended h a b i t a b i l i t y  q u e s t i o n n a i r e  f o r  crew. 
2 .  Ana lys i s  of o b s e r v a t i o n a l  data 
3.  Coord ina t ion  w i t h  p re-miss ion  r ev iews :  Are s t a n d a r d s  
s u p p o r t e d  or do t h e y  r e q u i r e  r e v i s i o n ?  
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